In this study, we screened sixty medicinal plant species from the Brazilian savanna ("cerrado") 
The Brazilian savanna, known as "cerrado", comprises a very rich and characteristic flora (Burman 1991) that covers more than 2 million square kilometers of Brazilian inland (Ferri 1973) . Many of these plants are used as natural medicines by the people living in the "cerrado" area to treat several tropical diseases including schistosomiasis, leishmaniasis, malaria, fungal and bacterial infections, among others (Ferreira 1980 , Corrêa 1984 , Grandi et al. 1989 , Di Stasi 1989 , Hirschmann & Arias 1990 , Brandão 1991 , Caribé & Campos 1991 , Martins et al. 1994 , Matos 1994 .
Schistosomiasis, caused by the parasite Schistosoma mansoni, is an important endemic disease in Brazil and in many other tropical countries (Davis 1996) . The life cycle of this parasite involves an intermediate host, represented in Brazil by snails of the genus Biomphalaria. Thus, besides chemotherapy of infected people, one of the strategies to combat this disease is to interrupt the parasite's life cycle in endemic areas via control of the snail's population. The search for molluscicidal compounds derived from renewable parts of plants that grow easily in endemic areas could improve the access of poor communities to molluscicidal agents to treat their water collections. This could enhance their chances to control schistosomiasis (Mott 1987) .
Fungi and bacteria cause important human diseases, especially in tropical regions and in immunocompromised or immunodeficient patients. Despite the existence of potent antibiotic and antifungal agents, resistant or multi-resistant strains are continuously appearing, imposing the need for a permanent search and development of new drugs (Silver & Bostian 1993) .
In an effort to discover new lead compounds, many research groups screen plant extracts to detect secondary metabolites with relevant biological activities. In this regard, several simple bioassays were developed for screening purposes (Hostettmann 1991) , some of them were used in this screening. Thus, Artemia salina larvae have been used as a target organism to detect bioactive compounds in plant extracts and toxicity to this crustacean has a good correlation with anti-tumor (McLaughlin 1991) and anti-Trypanosoma cruzi (Zani et al. 1995) activities. T. cruzi is a protozoan that causes Chagas disease (American trypanosomiasis), an illness that affects approximately 16 million people in tropical and sub-tropical Americas (WHO 1993) . The drugs currently in use against this disease, nifurtimox and benznidazole, present several side effects and have limited efficacy, especially in the chronic phase of the disease.
The aim of this study was to screen for medicinal plant extracts that could be useful for the development of new tools for the control of infectious diseases. While pursuing this goal, we initiated a systematic evaluation of extracts from the "cerrado" plant species in bioassays such as (a) the brine shrimp (Artemia salina Leach) lethality assay (BSLA), (b) the assay with the snails B. glabrata, (c) the bioautographic antifungal assay with spores of Cladosporium sphaerospermum and, (d) the agar diffusion assay using the bacteria Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus.
MATERIALS AND METHODS
Plant collection -The plants were collected in the vicinities of Belo Horizonte, Minas Gerais, Brazil. They were identified by M Brandão and TMS Grandi. Exsiccates of each species were deposited in the herbaria (Table I) Extraction -The plant parts were dried at 35°C in a convection oven and powdered in a knife mill. The powder was macerated at room temperature for 24 h in CH 2 Cl 2 followed by MeOH or in a mixture of CH 2 Cl 2 -MeOH (1:1, v/v), as indicated in Table II . After filtration, the solvents were removed by rotary evaporation under reduced pressure and at temperatures below 45°C. The yield of the crude extracts are indicated in Table II . In some cases, part of the powder was separated, extracted with H 2 O, centrifuged and the supernatant freeze-dried. The extracts were kept at -20°C and the residual solvent of an aliquot removed overnight under high vacuum prior to the bioassays.
Molluscicidal activity -The assay with snails B. glabrata was run as described by Alves et al. (1996) . Briefly, the crude extracts were dissolved in 500 ml of dechlorinated tap water at an initial concentration of 100 ppm. Ten snails were put into 250 ml of this solution and maintained submerged by a nylon screen during 24 h. After this period, the surviving snails were removed to a flask containing 250 ml of dechlorinated tap water, fed with lettuce, and observed for three days. If all mollusks were killed dilutions were prepared to determine the minimum lethal concentration (LC 100 /24 h). Controls with and without niclosamide (1 ppm) were run in parallel.
Toxicity to Artemia salina -The protocol established by McLaughlin (1991) was employed. Briefly, each extract (2 mg) was dissolved in 2 ml of solvent. From these solutions, 500, 50 and 5 µl were transferred to vials in triplicate. The solvent was removed under high vacuum and seawater (5 ml) was added to each vial, resulting in final concentrations of 100, 10 and 1 µg/ml, respectively. Second instar larvae of A. salina (ten per vial) were added. After 24 h contact, the survivors were counted and the LC 50 calculated using the probit method. Extracts with LC 50 ≤ 100 ppm were considered active. Controls with and without thymol (10 ppm) were run simultaneously.
Antifungal activity -The bioautographic assay with C. sphaerospermum, developed by Homans and Fuchs (1970) , was adopted. Briefly, the extracts (1 mg) were dissolved in a volatile solvent (100 µl) and an aliquot (10 µl) of each solution spotted on TLC plates. After complete solvent removal, a spore suspension of the fungus in nutrient medium was sprayed and the TLC plates incubated in a humid atmosphere for three days at room temperature. The appearance of a growth inhibition zone with the size of the spot (active) or larger than the spot (very active) indicated the presence of fungitoxic substances in the extract. Thymol (50 mg/spot) and solvent (10 µl) were used as controls.
Antimicrobial assay -The agar diffusion assay described by Smânia et al. (1995) was adopted. Briefly, B. cereus, E. coli (ATCC 25922), P. aeruginosa (ATCC 27853), and S. aureus (ATCC 25923) were grown in Mueller-Hinton agar and broth (Difco Laboratories). The strains were incubated at 36 o C for 18 h, and were diluted to a final concentration of approximately 10 6 CFU/ml. Each bacterial suspension was spread over the surface of Mueller-Hinton agar containing five wells of 7 mm diameter. The wells were filled with 5 mg of extract dissolved in the medium. The plates were incubated at 36 o C for 20 h. Penicillin (30 mg) was used as a positive control. The results were expressed in terms of the diameter of the inhibition zone: < 9 mm, inactive; 9-12 mm, partially active; 13-18 mm, active; >18 mm, very active.
RESULTS AND DISCUSSION
The sixty plant species evaluated in this screening are listed in Table I . They are distributed among 53 genera and 36 families, with Leguminosae being the most represented within the collection. Table II summarizes the results of the bioassays, listing only the species that presented some activity in at least one bioassay.
Eight species (13%) displayed LC 100 /72h ≤ 100 ppm in the assay with B. glabrata. Species from genus Byrsonima were especially active and the methanol extract from the leaves of B. intermedia Juss, was the most active among all extracts tested, presenting LC 100 of 20 ppm. According to the World Health Organization guidelines (WHO 1993) , this extract can be regarded as a promising 
candidate for a plant-derived molluscicide. The bark of B. intermedia is rich in tannins and its infusion is popularly used as febrifuge (Corrêa 1984) . Several classes of compounds have been isolated from this genus, including triterpenes, flavonoids, benzenoids and steroids (Schultes & Raffauf 1990) . Extracts from leaves of B. verbascifolia and bark of Hymenaeae stignocarpa Mart showed LC 100 of 40 ppm. The bark of the latter species is reputed as a vermifuge (Caribé & Campos 1991) .
From the 60 species evaluated in the BSLA, six (10 %) produced extracts that displayed LC 50 ≤ 100 ppm. The CH 2 Cl 2 -MeOH extracts from the aerial parts of Leonurus sibiricus L and from the bark of Xylopia aromatica (Lam) Mart were the most active, with LC 50 of 12 and 18 ppm, respectively. L. sibiricus, is popularly used in Minas Gerais for cold, diarrhea and digestive complaints (Grandi et al. 1989) . Investigations of its chemistry and pharmacological properties by Chinese groups resulted in the isolation of bioactive alkaloids (Luo et al. 1985) . Cytotoxic acetogenins, venezinin and asimicin, were isolated from the bark of X. aromatica using a BSLA-guided fractionation protocol (Colman-Saizaritoria et al. 1994) . Some species from this genus are rich in kaurenoic acid (Alves et al. 1995) , known for its activity in the BSLA and against trypomastigotes of T. cruzi (Zani et al. 1995) . Although less potent, extracts from fruits of Cabralea polythrica, leaves of Caryocar brasiliensis and Copaifera langsdorffii and roots of Lantana camara were also active in the BSLA. All these plants are used to treat numerous ailments in Brazil (Ferreira 1980 , Martins et al. 1994 ) and were already subjected to phytochemical studies by other groups. The observed activity of L. camara in the BSLA could be due to the presence of camaraside and lantanoside, cytotoxic components already isolated from this species (Mahato et al. 1994) .
When tested against the spores of phytopathogenic fungus C. sphaerospermum, extracts from eight species (13%) were able to inhibit fungal development. The most active were the CH 2 Cl 2 extracts from the roots of Brosimum gaudichaudii and L. camara. The first is widely used in Brazil for treating skin depigmentation (vitiligo) (Corrêa 1984) , an activity attributed to the presence of bergapten and psolaren. These compounds could also account for the observed fungicidal activity of this plant. Previous works showed that the essential oil of L. camara is active against fungi (Mahato et al. 1994 ) and bacteria (P. aeruginosa and S. aureus) (Ross et al. 1980 ). In the agar diffusion assay using four different bacterial strains, more than 60% of plant species afforded extracts with some degree of activity, in particularly against the Gram-positive bacteria S. aureus or B. cereus. On the other hand, only four plant species (Dalbergia nigra, Lafoensia pacari, Miconia albicans, and Plathymenia foliolosa) afforded extracts that were highly active against the more resistant gram negative bacteria P. aeruginosa. Moreover, the extracts from Austroplenckia populnea, D. nigra, Eugenia pitanga, Emmotum nitens, Miconia albicans, P. foliolosa, Pouteria torta, Roupala montana, Stryphnodendron adstringens and X. aromatica, presented some degree of activity against all bacterial strains, including E. coli. However, only extracts from D. nigra, M. albicans, P. foliolosa, R. montana and S. adstringens caused significant inhibition (13-18 mm inhibition zone) of E. coli growth at the dose used (5 mg/well).
Overall, extracts from 70% of the species collected were active in at least one of the bioassays adopted in this screening. If we consider only the most active extracts (bold face in Table II: bgl ≤ 40 ppm, asa ≤ 50 ppm, csp = 2, pae = 3 and eco = 2) and exclude the highly sensitive gram positive bacteria, this proportion is reduced to 23%. This can be considered a very good hit rate, reinforcing the importance of the ethnomedical information in the search of bioactive extracts. Furthermore, many of the highly active extracts presented some specificity against one of the organisms tested and not a generic toxicity. We observed that extraction with CH 2 Cl 2 generated two thirds of the fungicidal extracts while none of the CH 2 Cl 2 extracts was able to kill snails. Although 10% of the aqueous extracts were active against B. glabrata, none of them was fungicidal or toxic to A. salina. Finally, the use of methanol provided the majority of the highly active extracts in the bioassay with bacteria. These observations can be rationalized in terms of the polarity of the compounds being extracted by each solvent and, in addition to their intrinsic bioactivity, by their ability to dissolve or diffuse in the different media used in the assays. The more active extracts were prioritized for the identification of the active components, a work that is already under way.
